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Anatomy 
of a 
shaft 
crack 


When Hugh Stott, Steam Turbine En- 
gineer for Public Service Electric and Gas 
(PSEG) received the report of high vibra- 
tion on Unit No. 7 steam turbine genera- 
tor at the Burlington, New Jersey power 
station, he knew the problem was serious, 

Lou Corbett, Burlington Chief Engi- 
neer, had called that morning to tell of ob- 
servations of higher than normal critical 
speed and on-line vibration. Station oper- 
ations personnel had observed a trend of 
Increasing vibration amplitude during 
startups since the intermediate pressure 
(IP) and double flow low pressure 
(LPDF) rotors were balanced on the 30- 
year-old, L85-megawatt (MW) unit two 
months before. 

Now, Corbett reported that the 1X wi- 
bration amplitude on Bearing No. 6 had 
increased to 6.7 mils peak-to-peak after 
the startup. 

Stott immediately telephoned Michael 
Wallo, Principal Statf Engineer of 
PSEG’s Research and Testing Laboratory 
and requested him to monitor the vibra- 
tion amplitude and phase angle levels on 
Unit No. 7. The vibration information 
was needed to determine the cause of the 
problem, 

As it turned out, this vibration data ancl 
the historical vibration information com- 
piled by the Research and Testing Labora- 
tory over the past six months was crucial 
in diagnosing that the problem was a shaf 
crack. 

Initially, however, Stott did not sus- 
pect a shaft crack. Imbalance, rubbing, or 
other influences were the other primary 
suspects. 

The analytical methods employed by 
PSEG enabled Stott and PSEG’s engi- 
neering staff to sort out the symptoms and 
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The analytical methods used by PSEG enabled their engineers to properly diagnose 
the shaft crack on the 30-year-old steam turbine generator. 


properly diagnose the problem, The ana- 
lytical methods were based on past expe- 
rience, interviews with station operations 
personnel, and recent training on shaft 
crack detection using vibration analysis. 

Twenty-three years as a turbine engi- 
neer, 18 with General Electric and five 
with PSEG, had taught Stott that diag- 
nosing machine problems was much like 
conducting a police investigation. 

“You need as much information as 
possible to determine what's wrong when 
you have a running problem with a ma- 
chine,” Stott explains. “And in evaluat- 
Ing the information, you have to separate 
the facts [rom opinion. You must stick to 
the facts.” 

Stott and PSEG’s Research and Test- 
ing Laboratory stalf began gathering the 
facts. After requesting additional vibra- 
tion data from the laboratory. Stott inter- 
viewed station operations personnel to 
learn what they had observed during the 
Unit No. 7 startup. 

Meanwhile, the Research and Testing 
Laboratory had brought data recording 
equipment to the Burlington station. They 
recorded Keyphasor, proximity, and sels- 
mic transducer signals through the moni- 
tor outputs. The data was later reduced in 
the mobile unit using a Bently Nevada 


ADRE” (Automated Diagnostics for Ro- 
lating Equipment) with a Bently Nevada 
Multichannel Vector Filter (WF-M) and 
spectrum analyzer, 

The vibration data indicated significant 
LX and 2X vibration amplitude levels on 
Bearing Nos. 5 and 6 at a load of 72 MW 
and a main generator field of 1,400 am- 
peres. On Bearing No. 5, the 1X vibration 
amplitude was 6.0 mils and the 2X vibra- 
tion amplitude was 1.0 mil. On Bearing 
No. 6, the LX vibration amplitude was 6.7 
mils and 2X vibration amplitude was 1.5 
mils. 

The 1X vibration amplitude levels 
were compared with the historical data. 
Based on the comparison, the machine 
was run up again to acquire 2X vibration 
amplitude data for further comparison. 
The turbine generator reached 3.048 rpm 
before danger alarms were triggered for 
excessive vibration levels at the IP, 
LPDF, and generator rotors. 

Runup data was recorded on a lé- 
channel tape recorder. The Research and 
Testing Laboratory's mobile unit was De- 
ing used at another station 60 miles away. 
The recorded data was driven to the sta- 
tion and reduced. 

Robert Konnyu of the Research and 
Testing Laboratory called Stott with the 
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results just as Unit No, 7 was being run up 
again. The results—high 1X and 2X vibra- 
tion levels—confirmed that the machine's 
stability had decreased to the point where 
it could be hazardous to continue 
operation. 

The machine was run down, and vibra- 
tion data was recorded and reduced by the 
Research and ‘Testing Laboratory. High 
Wok, LA, and 2X vibration amplitude 
levels were noted on Bearing Nos. 3, 4, 5, 
and 6: 


Bearing  Peadk-to-Peck Vibration Amplitude 


Nin, 1X 1X TA 
3 00 rls. T4 mils enews 
į 5.5 iule 4.6 ils 1,5 mils 
5 3.5 mila 7.8 mals 6.0 nls 
B 1.0 mil 4 mils R.O mala 


The high 1X and 2X vibration ampli- 
tude levels caused Stott to suspect a shaft 
crack, Stott and Konnyu had recently at- 
tended a Bently Nevada seminar where 
results of a laboratory study on shaft 
cracks were presented, 

The study results indicated that the 
modification of the shaft stiffness by the 
crack causes changes in the dynamic re- 
sponse to major excitation forces: inertial 
force due to unbalance and the gravity 
force. The largest differences in the shaft 
vibration response amplitudes were ob- 
served in the IX and 2X regions of 
frequency. | 

To determine whether the problem was 
a shaft crack or another malfunction, Stott 
compared the 1X vibration amplitude data 
from the previous day's rundown with the 
historical vibration data archived by the 
Research and Testing Laboratory from a 
rundown four months before (see Table 1}. 


Rundewn Data 








24 Aug. 84 
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! Uncompensated data taken from cascade plots 
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Comparison showed that the 1X vibration 
levels had increased significantly on Bear- 
ing Nos. 1, 3, 4, 5, and 6. 

The machine was not put back in serv- 
ice, but opened and inspected. Inspection 
revealed a crack 400 degrees around the 
circumference with a 270-degree penetra- 
tion to the bore in the double flow low 
pressure rotor at the generator end in the 
wheel-to-shaft radius. 

The Research and Testing Laboratory's 
evaluation following the inspection con- 
curred with the prediscovery of the shaft 
crack, which affected the vibration levels. 
The laboratory compared the machine's 
synchronous amplification factor, darnp- 
ing ratio, and spring index from the run- 
down six months before to the rundown on 
the first day of this case. 

The synchronous amplification factors 
had increased substantially on Bearing 
Nos. 5 and 6: 


Synchreneus 
Bearing Amplification Factor 
Mo, Ag. Dec. 
ai 3,12 [es th 
tb 4.7% 3,09 


The synchronous amplification factor 
measures the susceptibility of a rotor to vi- 
bration when rotational speed is egual to 
the rotor natural frequency. Generally, a 
synchronous amplification factor above 5 
or 6 indicates low damping and less ma- 
chine stability. 

Comparison of the damping ratio and 
spring index also indicated less machine 
stability. The generator end of the LPDF 
rotor had very little damping compared to 
the turbine end of the same rotor. Bearing 
No. 5 had a damping ratio of 2.95 x 10. 


TABLE NO, 1 


Transient Data — Absolute Values! 
Rundown Date 


4d Dec. 84 
2X Speed Lak IX 8X 
(mils! ipm imile] (rails) (rails) 
ea 2200 0.5 +2 
ps 100) T 46 eA 
= 3050 5.5 4.6 L.5 
3050 15 18 6.0 
uF 270 Lo rn 
= 2970) — LR 15 





t At $29] cpm — 7.4 mils @ 1X (not shown on plot) 
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Bearing No. 4 had a damping ratio of 8.06 
x 10%, 

The damping ratio shows the effect of 
damping to the response of the rotor at its 
natural frequency. The major effect of 
damping is on the machine's synchronous 
amplification and phase response at resg- 
nance, 

The spring index on Bearing No. 5 of 
the LPDF rotor had decreased fram 4.4 x 
I0" Ib.fin, to 3,63 x 1 lb./in. The spring 
index, ar stiffness, is the amount of de- 
flection of the rotor and is measured in 
Ib. ‘in. 


Conclusion 

The historical vibration data, plus abil- 
ity of PSEG’s Research and Testing Labo- 
ratory to acquire and reduce vibration data 
in a short period of time, was crucial in 
providing Stott and PSEG’s engineering 
staff with the information needed to 
correctly diagnose the problem on 
Burlington’s Unit No, 7, Training on data 
Interpretation methods also played a major 
role in sorting out the symptoms and diag- 
nosing the shaft crack. 

This disciplined approach aided Stott 
in making a sound decision to shut down 
the machine prior to catastrophic damage 
being incurred, After major repairs to the 
LPDF rotor, Burlington’s Unit No. 7 was 
returned to service in June 1985, The rotor 
was repaired by cutting off the rotor be- 
tween the generator end L-0 and L-1 
stages, welding on a new forging, machin- 
ing it to original dimensions, and reassem- 
bling the L-0 blades. The rotor is running 
well with low levels of vibration. 


* Muszynska, Agnes, “Shaft Crack Detector,” 
Renn Rorer Oviaeics Research Corporation, Mz, 





Runup Date 
4 Dec, 34 

Speed 12X 1X 2x 
ieee} iraila] [rails] iraila] 
WG oo 2.8 Cs 
aR — 3.3 üF 
S056 -= BÖ 1.0 
qa + Line 18 
FIA -= p.34 1.5 
wag x m4 |] 
41023 = SS 40 
Whee 5.7 15 
GS — ae DA 
HA — | 6.9 
TESA 1.4 2.0 
a0 vos | 2.3 





